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CONVERSION ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of producing titanium oxide particles to be 
used for a color sensitized photoelectric conversion element and to provide the photoelectric 
conversion element. 

SOLUTION: In the method of producing the titanium oxide particles niobium or tantalum is 
used as a dopant In the photoelectric conversion element, the titanium oxide particles 
produced with this method is used as semiconductor particles for a photosensitive layer. 



* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 



[Ciaim(s)] 

[Claim 1]A manufacturing method of titanium oxide particles which are the methods of 
producing titanium oxide particles, and are characterized by adding niobium or tantalum as a 
dopant. 

[Claim 2]An optoelectric transducer which is an optoelectric transducer which has a 
photosensitive layer containing a semiconductor particulate to which coloring matter stuck, and 
a conductive substrate, and is characterized by using titanium oxide particles produced by a 
method according to claim 1 as said semiconductor particulate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the manufacturing method of the titanium oxide 
particles used as a photosensitive semiconductor particulate, and the dye sensitizing 
optoelectric transducer using this titanium oxide particle. 
[0002] 

[Description of the Prior Art]The optoelectric transducer is used for various kinds of 
photosensors, the copying machine, the optical power plant, etc. There are what used metal, a 
thing using a semiconductor, a thing using an organic color or coloring matter, a thing that 
combined these, etc. in an optoelectric transducer, and various methods are put in practical 
use. Here, titanium oxide is known as an n-type semiconductor, and it is widely used for the 
photocatalyst etc. by receiving light etc. using the characteristic which emits electrons. It 
inquires also as a material of an optoelectric transducer using the characteristic which is a 
photosensitive semiconductor. 

[0003]A U.S. Pat. No. 4927721 item, said 4684537 No., said 5084365 No., To said 5350644 No., 
said 5463057 No., said 5525440 No., No. world JP,98,B / 50393, JP,7-249790,A, and Patent 
Publication Heisei No. 504521 [ ten to ]. The material and production technology for producing 
the optoelectric transducer (it abbreviates to a "dye sensitizing optoelectric transducer" 
hereafter) and this using the semiconductor particulate which carried out sensitization with 
coloring matter are indicated. Since the advantage of a dye sensitizing optoelectric transducer 
can be used without refining cheap oxide semiconductors, such as a titanium dioxide, to a high 
grade, it is at the point which can be manufactured comparatively cheaply. 
[0004]A sol-gel method is usually preferably used for production of titanium oxide particles. A 
sol-gel method is a particle synthetic method widely learned in the field concerned, for example, 
is indicated in detail to chemistry OBU MATERIARUZU of burn sides, the 10th volume, No. 9, 
2419-2425 pages, etc. As an example which applied the titanium oxide particles produced with 
the sol-gel method to the dye sensitizing optoelectric transducer, a report of BARUBE and 
others of a journal OBU American ceramic society, the 80th volume, No. 12, and a 3157-3171 
pages (1997) statement is mentioned. However, such an optoelectric transducer always had 
high conversion efficiency about no produced elements, and still much more improvement in 
conversion efficiency was desired. 
[0005] 

[Problem(s) to be Solved by the lnvention]The purpose of this invention is to provide the 
optoelectric transducer excellent in the manufacturing method of titanium oxide particles used 
for a dye sensitizing optoelectric transducer, and the conversion efficiency using this titanium 
oxide particle. 
[0006] 

[Means for Solving the ProblemJIn view of the above-mentioned purpose, wholeheartedly, as a 
result of research, a short-circuit current increased by following (1) - (6), and this invention 
persons discovered that a dye sensitizing optoelectric transducer excellent in conversion 
efficiency was obtained, and thought out to this invention. 

(1) A manufacturing method of titanium oxide particles adding niobium or tantalum as a dopant. 



(2) A manufacturing method of titanium oxide particles of (1) which is a manufacturing method 
of titanium oxide particles by hydrolysis of a titanium alkoxide, and is characterized by adding a 
dopant by making a compound of niobium or tantalum act in the case of hydrolysis. 

(3) A manufacturing method of titanium oxide particles of (2), wherein a compound of niobium or 
tantalum is an alkoxide of niobium or tantalum. 

(4) A manufacturing method of titanium oxide particles of (2) - (4) using amine as a hydrolysis 
catalyst of a titanium alkoxide. 

(5) A manufacturing method of titanium oxide particles of (2) - (5) including a process of heating 
a mixture containing a complex formed of a titanium oxide precursor and/or a titanium oxide 
precursor, and a ligand, and water at 150-300 ** within a pressure vessel. 

(6) A manufacturing method of titanium oxide particles of (5) using halogenation titanium or 
alt.titanate as a titanium oxide precursor. 

(7) An optoelectric transducer using titanium oxide particles which are optoelectric transducers 
which have a photosensitive layer containing a semiconductor particulate to which coloring 
matter stuck, and a conductive substrate, and were produced by a method of (1) - (6) by 
photosensitive layer containing the above-mentioned semiconductor particulate. 

[0007] 

[Embodiment of the Invention]!!] As for the method of producing the producing method 
titanium oxide particles of dopant addition titanium oxide particles, a flame part solution, a 
hydrolysis method, etc. are known. In order to produce as a dopant niobium or the titanium 
oxide particles which carried out tantalum addition, which above-mentioned method may be 
applied, but the hydrolysis method which is easy to control reaction velocity is most suitable. A 
hydrolysis method is a method of it also being called a sol -gel method and making a titanium 
oxide precursor reacting to water by the liquid phase. Usually, the mixing process of (1) 
titanium-oxide precursor and water, (2) heating processes, and (3) tail end processes are 
comprised. When compounding the titanium oxide which added niobium or tantalum with the 
hydrolysis method (dope), it is preferred to add the compound of niobium or tantalum in a mixing 
process or a heating process. 

[0008](1) The mixing process titanium oxide precursor of a titanium oxide precursor and water 
is what produces titanium oxide by hydrolysis, For example, halogenation titanium (titanium 
trichloride, titanium tetrachloride, etc.), alttitanate (alt.titanic acid methyl, alt.titanic acid ethyl, 
alt.titanic acid isopropyl, alt.titanic acid butyl, etc.), etc. are mentioned. Alttitanate is 
I especially among these ] preferred, these precursors precede hydrolysis — various kinds of 
ligands (for example, an acetylacetone.) Aminoethanol, diethanolamine, triethanolamine, 
ethylenediamine, other amine, pyridinecarboxylic acid, tartaric acid, oxalic acid, lactic acid, 
glycolic acid, other hydroxycarboxylic acid, etc. may be added, and a complex may be formed. 
Generally, the hydrolysis rate of a complex is slow, and since it tends to incorporate a dopant, it 
is preferred. It is preferred to add amines, such as aminoethanol, diethanolamine, 
triethanolamine, and ethylenediamine, especially. 

[0009]The mixing method of the complex and water which were formed of the titanium oxide 
precursor and/or the titanium oxide precursor, and the ligand does not have restriction in 
particular. For example, the method of trickling underwater the complex formed of the method, 
titanium oxide precursor and/or titanium oxide precursor which add underwater the complex 
formed of the titanium oxide precursor and/or the titanium oxide precursor, and the ligand at a 
stretch, and the ligand, etc. are common. In addition, the method of sealing hermetically in the 
container which sealed the nonaqueous solution containing the complex formed of the titanium 
oxide precursor and/or the titanium oxide precursor, and the ligand, and supplying moisture 
from the gaseous phase may be used. The method of adding a titanium oxide precursor into the 
solution containing the above-mentioned ligand is also preferred. Although the temperature in 
particular in the case of mixing is not restricted, it is usually 5-50 **. 
[0010]The manufacturing method of the titanium oxide particles of this invention adds the 
compound of niobium or tantalum for the purpose of dopant addition in a mixing process or the 
heating process mentioned later. As a desirable example of the compound of niobium or 
tantalum, The alkoxides (for example, a methoxide, ethoxide, isopropoxide, butoxide r etc.) of the 



halogenide of niobium or tantalum, niobium (for example, niobium chloride, a niobium bromide, a 
tantalum chloride, and tantalum bromide etc.), or tantalum, etc. are mentioned. Among these 
[ especially ], the alkoxide of niobium or tantalum is preferred. The addition of the compound of 
niobium or tantalum is 0.001 -20-mol % to all the titanium, and is 0.01-2-mol % preferably. After 
mixing with the complex formed of the titanium oxide precursor and/or the titanium oxide 
precursor, and the ligand beforehand, it may add underwater, and the compound of niobium or 
tantalum may be added underwater independently. When adding independently, the compound of 
niobium or tantalum may be added ahead of a titanium oxide precursor and/or a titanium oxide 
precursor, and the complex formed of the ligand, or it may add later. 

[0011](2) Heat the mixture obtained by the heating process above-mentioned mixing process at 
the temperature of 60-300 **, and hydrolyze. Cooking temperature is 60-90 ** preferably 50- 
100 **, when carrying out by ordinary pressure, and when carrying out with high voltage, it is 
150-300 ** preferably 100-400 **. It is also preferred to combine ordinary pressure heating and 
high voltage heating. In this case, usually high voltage heating is performed after ordinary 
pressure heating as an order. Cooking time is usually 1 to 60 hours, and is 3 to 48 hours 
preferably. When combining ordinary pressure heating and high voltage heating, ordinary 
pressure cooking time is 1 to 8 hours preferably for 30 minutes - 12 hours, and high voltage 
cooking time is 3 to 36 hours preferably for 1 to 48 hours. In the case of heating, the additive 
agent for promotion of a reaction or control may be added. As an example of such an additive 
agent, acid (for example, acetic acid, sulfuric acid, nitric acid, etc.), alkali (for example, sodium 
hydroxide, a potassium hydrate, ammonia, trimethylamine, tetramethylammonium hydroxide, 
eta), or the above-mentioned ligand is mentioned. The above-mentioned niobium or the 
compound of tantalum may be added by this heating process. 

[001 2] Pressure vessels (for example, the autoclave made from titanium, autoclave made from 
stainless steel, autoclave made from stainless steel of the product [ wall ] made from Teflon 
(registered trademark), etc.) are used for high voltage heating. That [ autoclave s ] to which the 
agitating device is attached is preferred. 

[0013]The dispersion liquid of titanium oxide particles are obtained by a heating process. The 
particle diameter of titanium oxide particles changes with kinds, quantity, etc. of cooking 
temperature, cooking time, and an additive agent, and mean particle diameter is usually 5-50 
nm. 

[001 4] The method of distributing, while grinding the dispersion liquid or the colloidal solution 
prepared with the above-mentioned sol -gel method etc. as an example of the method of 
producing the dispersion liquid of titanium oxide particles using the method of using as it is, the 
method of mashing with a mortar, and a mill, etc. are mentioned. 

[0015]The carrier fluid used for the dispersion liquid of titanium oxide particles may be water or 
various organic solvents (methanol, ethanol, isopropyl alcohol, dichloromethane, acetone, 
acetonitrile, ethyl acetate, etc.). When distributing, polymer like a polyethylene glycol, a surface- 
active agent, acid, a chelating agent, etc. may be used as a distributed auxiliary agent if needed. 
Since the semiconductor particle layer which can adjust the viscosity of dispersion liquid and 
does not separate easily due to changing the molecular weight of a polyethylene glycol can be 
formed, it is preferred to add a polyethylene glycol. 

[0016](3) Condense or replace [ solvent ] the post-processing above-mentioned titanium oxide 
dispersion liquid. According to the purpose of use, a water dispersion, a moisture powder paste, 
organic solvent dispersion liquid, an organic solvent distribution paste, etc. are prepared 
eventually in the end of dried powder. The methods of concentration include settlement or the 
method by the decantation after centrifugal separation, the method by decompression distilling 
off of water, etc. The method of solvent substitution has the common method of repeating 
centrifugal separation, a decantation, and solvent addition, various kinds of polymer (for 
example, a polystyrene sulfonate salt.) as a thickener for obtaining a paste Polysaccharide, 
gelatin, various kinds of low molecule thickeners, etc. (citronellol, Nellore, a terpineol, etc.), such 
as polyacrylic acid and its salt, polyethylene oxide, polypropylene oxide, and polyacrylamide, are 
preferred. 

[0017]The content of titanium oxide in a water dispersion, a moisture powder paste, organic 



solvent dispersion liquid, an organic solvent distribution paste, etc. is one to 40 mass %, and its 
5-30 mass % is preferred. 

[0018][2] The optoelectric transducer of optoelectric-transducer this invention, The titanium 
oxide particles 21 which laminated the conductive layer 10, the under coat 60, the 
photosensitive layer 20, the charge transport layer 30, and the counter electrode conductive 
layer 40 in this order, and carried out sensitization of the photosensitive layer 20 with the 
coloring matter 22 as preferably shown in drawing 1, It constitutes from the charge transporting 
material 23 which permeated the opening between the titanium oxide particles 21. The charge 
transporting material 23 in the photosensitive layer 20 is usually the same as the material used 
for the charge transport layer 30. In order to give intensity to an optoelectric transducer, the 
substrate 50 may be formed as a ground of the conductive layer 10 and/or the counter 
electrode conductive layer 40. In this invention, the layer which consists the layer which 
consists of the conductive layer 10 and the substrate 50 formed arbitrarily of a "conductive 
substrate", the counter electrode conductive layer 40, and the substrate 50 formed arbitrarily is 
called a "counter electrode." 

[0019]ln this invention, the photosensitive layer 20 comprises several layers from which light 
scattering nature differs. The conductive layers 10, the counter electrode conductive layers 40, 
and the substrates 50 in drawing 1 may be the transparent conductive layer 10a, the 
transparent counter electrode conductive layer 40a, and the transparent substrate 50a, 
respectively. In order to do electric work (power generation) among such optoelectric 
transducers, the thing linked to external load is a photoelectric cell, and it is the photosensor 
which was made for the purpose of sensing of optical information. What the charge transporting 
material 23 calls a photoelectrochemical cell especially the thing that mainly consists of ion 
transport material among photoelectric cells, and makes power generation by sunlight a key 
objective is called a solar cell. 

[00201(A) A conductive substrate conductive substrate consists of the monolayer of (1) 
conductive layer or (2) conductive layers, and two-layer [ of a substrate ]. If the conductive 
layer that intensity and sealing performance are fully maintained is used, a substrate is not 
necessarily required. In the case of (1), as a material of a conductive layer, what sufficient 
intensity is obtained like metal as a conductive layer, and has conductivity is used. In the case 
of (2), the substrate which has a conductive layer which is from a conducting agent on a 
photosensitive layer side can be used as a conductive substrate. As an example of a desirable 
conducting agent, metal, carbon (platinum, gold, silver, copper, aluminum, rhodium, indium, etc.), 
or conductive metallic oxide (what doped fluoride to an indium tin multiple oxide and the tin 
oxide) is mentioned. As for the thickness of a conductive layer, about 0.02-10 micrometers is 
preferred. 

[0021 ]The surface resistance of a conductive substrate is so preferred that it is low. This 
surface resistance is below lOOohms / ** preferably, and is below 40ohms / ** more 
preferably. Although there is no restriction in particular in the minimum of surface resistance, 
they are usually 0.1 ohm / ** grade. 

[0022]As for a conductive substrate, when irradiating with light from the conductive substrate 
side, it is preferred that it is substantially transparent. That it is transparent means substantially 
that the transmissivity of light is not less than 10%, it is preferred that it is not less than 50%, 
and especially not less than 70% is preferred. 

[0023]What formed the transparent conductive layer which consists of conductive metallic 
oxide in the surface of the transparent substrate which consists of glass, a plastic, etc. by 
spreading, vacuum evaporation, etc. as a transparent conductive base material is preferred. The 
electrically conductive glass which laminated the conductive layer which consists of diacid-ized 
tin which doped fluoride especially on the transparent substrate which consists of a soda lime 
float glass is preferred at low cost. In order to obtain a flexible optoelectric transducer and 
solar cell by low cost, it is good to use for a transparent polymer film what provided the 
conductive layer. As a material of a transparent polymer film, a tetraacetyl cellulose (TAG), 
Polyethylene terephthalate (PET), polyethylenenaphthalate (PEN), Syndiotactic poly sterene 
(SPS), a polyphenylene sulfide (PPS), Polycarbonate (PC), polyarylate (PAr), polysulfone (PSF), 



polyester sulfone (PES), polyether imide (PEI), cyclic polyolefin, bromine-ized phenoxy, etc. are 
mentioned. As for the coverage of conductive metallic oxide, in order to secure sufficient 
transparency, it is preferred to consider it as per [ 0.01 -100g ] substrate 1m 2 of glass or a 
plastic. 

[0024] It is preferred to use a metal lead in order to lower resistance of a transparent 
conductive base material. As for a metal lead, it is preferred to consist of metal, such as 
aluminum, copper, silver, gold, platinum, and nickel, and especially consisting of aluminum or 
silver is preferred. It is preferred to install a metal lead by vacuum evaporation, sputtering, etc. 
on a transparent substrate, and to provide on it the tin oxide which doped fluoride, or the 
transparent conductive layer which consists of ITO films. After providing a transparent 
conductive layer in a transparent substrate, it is also preferred to install a metal lead on a 
transparent conductive layer. The fall of the incident light quantity by metal lead installation 
may be 1 to 5% more preferably less than 10%. 

[0025](B) In a photosensitive layer photosensitive layer, titanium oxide particles act as what is 
called a photo conductor, absorb light, perform charge separation, and produce an electron and 
an electron hole. In the titanium oxide particles which carried out dye sensitizing, generating of 
optical absorption, the electron by this, and an electron hole takes place mainly in coloring 
matter, and titanium oxide particles bear the role which receives and transmits this electron. 
Titanium oxide is an n-type semiconductor which a conductor electron serves as a carrier 
under optical pumping, and gives anode current. 

[0026]The optoelectric transducer of this invention using the titanium oxide particles which 
doped niobium or tantalum has a large short-circuit current, and its conversion efficiency is 
high. Although the cause is not clear, at least, since the titanium oxide particles of this 
invention contain a pentavalent dopant (niobium or tantalum), they are presumed to be what has 
high carrier density, and it is thought that relation is between carrier density and a short-circuit 
current. More than 30 mass % of the content of the titanium oxide particles of this invention to 
the whole titanium oxide to be used is preferred, and more than its 60 mass % is more preferred. 

[0027](1) When forming the semiconductor particle layer which consists of the above- 
mentioned titanium oxide particles on a semiconductor particle layer conductive substrate, it is 
common to use the method of applying the dispersion liquid or the colloidal solution containing 
titanium oxide particles on a conductive substrate. When the physical properties of the 
dispersion liquid or the colloidal solution containing fertilization of an optoelectric transducer 
and titanium oxide particles, the flexibility of a conductive substrate, etc. are taken into 
consideration, it is comparatively desirable to use the wet film production method. As the wet 
film production method, the applying method and print processes are typical. 
[0028]As an example of a desirable coating method, as an application system, the roller method, 
A dip method etc. as a meter ring system The air knife method, the braid method, etc., 
Application and the wire bar method currently indicated by JP,58-4589,B as that where a meter 
ring is made at identical parts, The slide hopper method of a statement, the extrusion method, 
the curtain method, etc. are mentioned to a U.S. Pat. No. 2681294 item, said 2761419 No., the 
2761791 No., etc. Spin method and a spray method are also preferred as a general aviation. As 
a wet printing method, letterpress, offset, and the three major print processes of photogravure 
are begun, and an intaglio, a rubber plate, screen -stencil, etc. are preferred. According to liquid 
viscosity or wet thickness, the film production method may be chosen from these. 
[0029]The semiconductor particle layer can carry out multilayer spreading of the titanium oxide 
particulate dispersion liquid in which not only a monolayer but particle diameter differs, or can 
also carry out multilayer spreading of the layer containing the titanium oxide particles (or a 
different binder, an additive agent, etc.) of a different kind. Multilayer spreading is effective also 
when thickness runs short by spreading once. 

[0030]The viscosity of the dispersion liquid of a semiconductor particulate is greatly influenced 
with additive agents, such as a kind of semiconductor particulate, dispersibility and a use 
solvent kind, a surface-active agent, and a binder. When dispersion liquid are hyperviscosity (for 
example, 0.01 - SOOPoise), it is preferred to use the extrusion method, the cast method, or 



screen printing. When it is hypoviscosity (for example, 0.1 or less Poise), in order to form a 
uniform film r it is preferred to use the slide hopper method, the wire bar method, or spin 
method. When there is to some extent much coverage, even if it is hypoviscosity, spreading by 
the extrusion method is possible. Thus f what is necessary is just to choose the film production 
method suitably according to the viscosity of dispersion liquid, coverage, a base material, 
spreading speed, etc. 

[0031]A semiconductor particle layer is not limited to a monolayer, but can carry out multilayer 
spreading of the dispersion liquid of titanium oxide particles with which particle diameter is 
different, or can also carry out multilayer spreading of the layer containing the titanium oxide 
particles (or a different binder, an additive agent, etc.) from which a kind differs. Also when 
thickness is insufficient, multilayer spreading is effective at one-time spreading. The extrusion 
method and the slide hopper method are suitable for multilayer spreading. When carrying out 
multilayer spreading, a multilayer may be applied simultaneously, and two coats may be given 
one by one about ten times from several times. When giving two coats one by one, screen 
printing can also be used preferably. 

[0032]Since the support pigment quantity per unit project area increases, the capturing rate of 
light becomes high so that the thickness (it is the same as the thickness of a photosensitive 
layer) of a semiconductor particle layer generally becomes thick, but since the generated 
diffusion length of electron increases, the loss by electric charge recombination also becomes 
large. Therefore, the desirable thickness of a semiconductor particle layer is 0.1-100 
micrometers. When using the optoelectric transducer of this invention for a solar cell, 1-30 
micrometers of thickness of a semiconductor particle layer are 2-25 micrometers more 
preferably. 0.5-400 g of coverage of the titanium oxide particles per 1 m of conductive 

substrate 2 is 5-1 OOg more preferably. 

[0033]Heat-treating is preferred, in order to raise adhesion with film strength or a conductive 
substrate while contacting titanium oxide particles electronically after applying titanium oxide 
particles on a conductive substrate. The cooking temperature in heat-treatment is 40-700 ** 
preferably, and is 100-600 ** more preferably. Cooking time is 10 minutes - about 10 hours. 
When using the low substrate of the melting point or softening temperature like a polymer film, 
high temperature processing is not preferred in order to cause degradation of a substrate. It is 
preferred to heat-treat at low temperature as much as possible also from a viewpoint of cost. If 
it heat-treats under existence of a small titanium oxide particle of 5 nm or less, mineral acid, 
etc., low temperature-ization of cooking temperature will be attained. 

[0034]ln order to increase the surface area of titanium oxide particles after heat-treatment, or 
to raise the purity near the titanium oxide particle and to raise the electron injection efficiency 
from coloring matter to titanium oxide particles, Electrochemical plating treatment using 
chemical-plating processing, titanium trichloride solution, etc. using a titanium tetrachloride 
aqueous solution etc. which are indicated in the U.S. Pat. No. 5084365 item may be performed. 
[0035]As for a semiconductor particle layer, it is preferred to have large surface area so that 
much coloring matter can be adsorbed. As for the surface area in the state where the 
semiconductor particle layer was applied on the conductive substrate, it is preferred that they 
are 10 or more times to a project area, and it is more preferred that they are 100 or more 
times. Although this maximum does not have restriction in particular, they are usually about 
1000 times. 

[0036](2) The sensitizing dye used for a coloring matter photosensitive layer will not be limited, 
especially if it has an absorption feature in a visible range or a near-infrared region and 
sensitization of the semiconductor can be carried out, but metal complex coloring matter, 
methine coloring matter, porphyrin system coloring matter, and phthalocyanine system coloring 
matter can use it preferably, and especially its metal complex coloring matter is especially 
preferred. Porphyrins, such as phthalocyanine, naphthalocyanine, metal phthalocyanines, metal 
naphthalocyanine, tetraphenylporphyrin, and tetraaza porphyrin, metalloporphyrins, those 
derivatives, etc. can be used. The coloring matter used for dye laser can be used in this 
invention. In order to make the wavelength band of photoelectric conversion large as much as 
possible and to raise conversion efficiency, two or more kinds of coloring matter can be used 



together. In this case, the coloring matter used together so that it may double with the target 
wavelength band and intensity distribution of a light source, and its rate can be chosen. 
[0037]As for coloring matter, it is preferred to have the suitable bond groups (interlocking 
group) which has adsorption capability to the surface of titanium oxide particles. As an example 
of desirable bond groups, - COOH group, - OH radical, a -S0 2 H basis, -The chelation group 

which has pi conductivity like an acidic group like a P(O) (OH) 2 group and a -OP(O) (OH) 2 

group and oxime, dioxime, hydroxyquinoline, salicylate, and an alpha-ketoeno rate is mentioned. 
- COOH group, a -P(O) (OH) 2 group, and especially a -OP(O) (OH) 2 group are especially 

preferred. Such bond groups may form the alkaline metal etc. and the salt, and may form inner 
salt. If an acidic group is contained like [ in case a methine chain forms a squarylium ring and a 
crocodile NIUMU ring ] in the case of poly methine coloring matter, it will be good also 
considering this portion as bond groups. Hereafter, the desirable sensitizing dye used for a 
photosensitive layer is explained concretely. 

[0038](a) As for the metal atom of the metal complex coloring matter used by metal-complex- 
coloring -matter this invention, it is preferred that it is ruthenium Ru. As an example of 
ruthenium complex coloring matter, a U.S. Pat. No. 4927721 item, said 4684537 No., The thing of 
a statement is mentioned to said 5084365 No., said 5350644 No., said 5463057 No., said 
5525440 No., JP # 7-249790,A, Patent Publication Heisei No. 504512 [ ten to ], WO 98/No. 50393, 
JP,2000-26487 f A, etc. As an example of desirable metal complex coloring matter, the thing of a 
statement is mentioned to the paragraph numbers 0051-0057 of JP,2001-320068,A. As most 
typical metal complex coloring matter, following D-1 and D-2 are mentioned. 
[0039] 
[Formula 1] 
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[0040](b) methine coloring matter — desirable methine coloring matter is poly methine coloring 
matter, such as cyanine dye, merocyanine dye, and SUKUWARIRIUMU coloring matter. As an 
example of desirable poly methine coloring matter, the coloring matter of a statement is 
mentioned to JP,11-35836,A, 11-158395, 11-163378, 11-214730, 11-214731, European patent 
No. 892411, and the 911841 No. About the synthetic method of these poly methine coloring 
matter. F.M Harmer (F. M. Hamer) work "heterocyclic party ******- Cyanine Dyes and Related 
Compounds (Heterocyclic Compounds - Cyanine.) Dyes and Related Compounds" and John 
Willie and Suns (John Wiley & Sons). New York, London (1964 annual publications), Day em 
Sturmer (D. M. Sturmer) work "heterocyclic Compounds-Special topics in heterocyclic 
chemistry (Heterocyclic Compounds -.) Specialtopics in Heterocyclic Chemistry Chapter 18, 
Section 14, the 482nd to 515 pages, and John Willie and Suns (John Wiley & Sons).New York, 



London (1977 annual publications), "ROZZU chemistry OBU carbon party UNZU (Rodds 
Chemistry of Carbon Compounds)", 2nd. Ed. f vol. IV, part B, Chapter 15, the 369th to 422 pages, 
An ERUSEBIA science public company ink (Elsevier Science Publishing Company Inc.) company, 
New York (1977 **), the British patent No. 1,077,611, Ukrainskii Khimicheskii Zhurnal, the 40th 
volume, No. 3, and 253-258 pages, It is indicated to Dyes and Pigments, the 21st volume, 227- 
234 pages, these cited documents, etc. 

[0041](3) When making coloring matter stick to adsorption titanium oxide particles of coloring 
matter to titanium oxide particles, a method of immersing a conductive substrate which has the 
often dry semiconductor particle layer into a solution of coloring matter, or a method of applying 
a solution of coloring matter to a semiconductor particle layer can be used. In the case of a 
former method, dip coating, a dip method, the roller method, the air knife method, etc. are 
available. When using dip coating, adsorption of coloring matter may be performed at a room 
temperature, and it may carry out by carrying out heating flowing back as indicated to JP,7- 
249790A In the case of a latter method, the wire bar method, the slide hopper method, the 
extrusion method, the curtain method, spin method, a spray method, etc. can be used. By the 
ink jet method etc., coloring matter can be applied in the shape of a picture, and this picture 
itself can also be used as an optoelectric transducer. 

[0042Ja solvent used for a solution (adsorption liquid) of coloring matter -- desirable -- 
alcohols (methanol.) nitril (acetonitrile.), such as ethanol, t-butanol, and benzyl alcohol 
Nitromethanes, such as propionitrile and 3-methoxy propionitrile, halogenated hydrocarbon 
(dichloromethane, a dichloroethane, and chloroform.) Ether, such as chlorobenzene (diethylether, 
tetrahydrofuran, etc.), dimethyl sulfoxide and amide (N.N-dimethylformamide.) N -methyl 
pyrrolidone, such as N,N-dimethyl acetamido, 1,3-dimethylimidazolidinone, 3-methyl 
oxazolidinone, ester species (ethyl acetate, butyl acetate, etc.), They are carbonic ester, ketone 
(diethyl carbonate, ethylene carbonate, propylene carbonate, etc.), hydrocarbon (acetone, 2- 
butanone, cyclohexanone, etc.) (hexane, petroleum ether, benzene, toluene, etc.), or these mixed 
solvents. 

[0043]As for the amount of adsorption of coloring matter, it is preferred to be referred to as per 
[ an unit area (1 m 2 ) / 0.01 ] - lOOmmol of a semiconductor particle layer. As for the amount of 
adsorption to titanium oxide particles of coloring matter, it is preferred that they are per 
I titanium oxide particle 1g / 0.01 ] - 1mmol. The sensitization effect of titanium oxide particles 
is fully acquired by considering it as the amount of adsorption of such coloring matter. If there 
is too little amount of adsorption of coloring matter, the sensitization effect will become 
insufficient, coloring matter which will not have adhered to a semiconductor if there is too much 
amount of adsorption of coloring matter floats, and the sensitization effect decreases. In order 
to increase the amount of adsorption of coloring matter, it is preferred to heat-treat titanium 
oxide particles before adsorption. In order to avoid that water sticks to the titanium oxide 
particle surface, it is preferred to adsorb coloring matter quickly [ while temperature of a 
semiconductor particle layer is 60-150 ** ], without returning to ordinary temperature after 
heat-treatment. 

[0044] In order to reduce interactions, such as condensation between coloring matter, a 
colorless compound with character as a surface-active agent may be added in coloring matter 
adsorption liquid, and coadsorption may be carried out to titanium oxide particles. As an 
example of such a colorless compound, steroid compounds (cholic acid, deoxycholic acid, 
chenodexycholic acid, taurodeoxycholic acid, etc.) which have a carboxyl group and a sulfonic 
group, and the following sulfonates are mentioned. 
[0045] 
[Formula 2] 





[0046]As for unadsorbed coloring matter, it is preferred after an adsorption process that 
washing removes promptly. It is preferred to perform washing using acetonitrile f an organic 
solvent like an alcohols solvent, etc. all over a wet cleaning tank. 

[0047]After adsorbing coloring matter, the surface of titanium oxide particles may be processed 
using amines, quaternary ammonium salt, the ureide compound that has at least one ureido 
group, the silyl compound which has at least one silyl group, alkali metal salt, alkaline earth 
metal salt, etc. Pyridine, 4-t-butylpyridine, polyvinyl pyridine, etc. are mentioned as an example 
of desirable amines. Tetrabutylammonium iodide, tetrahexyl ammonium iodide, etc. are 
mentioned as an example of desirable quaternary ammonium salt. These may be dissolved and 
used for an organic solvent and, in the case of a fluid, it may use as it is. 
[0048](C) A charge transport layer charge transport layer contains the charge transporting 
material which has the function to supplement the oxidant of coloring matter with an electron. 
Even if the charge transporting material used by this invention is a charge transporting material 
in which (i) ion is concerned, it may be a charge transporting material in which carrier movement 
in a (ii) solid is concerned, (i) As a charge transporting material in which ion is concerned, The 
fused salt electrolyte constituent containing a oxidation reduction counter ion, the solution 
which the ion of the redox couple dissolved (electrolysis solution), What is called a gel 
electrolyte constituent, a solid electrolyte constituent, etc. with which the gel of the polymer 
matrix was impregnated in the solution of the redox couple are mentioned, and an electron 
transport material, an electron hole (hole) transported material, etc. are mentioned as a charge 
transporting material in which carrier movement of (ii) solid Naka is concerned. Two or more 
these charge transporting materials may be used together. It is preferred to use a fused salt 
electrolyte constituent or a gel electrolyte constituent for a charge transport layer in this 
invention. 

[0049] (1) A fused salt electrolyte constituent fused salt electrolyte constituent contains fused 
salt. As for a fused salt electrolyte constituent, it is preferred that it is a fluid at ordinary 
temperature. It is an electrolyte of whether fused salt which is the main ingredients is liquefied 
in a room temperature, and a low melting point, as the general example -- WO 95/No. 18456, 
JP,8-259543,A, electrochemistry, the 65th volume, No. 11, and 923 pages (1997) etc. -- 
pyridinium salt of a statement, imidazolium salt, a triazolium salt, etc. are mentioned. As for the 
melting point of fused salt, it is preferred that it is 50 ** or less, and it is preferred that it is 
especially 25 ** or less. An example of fused salt is indicated in detail to the paragraph 
numbers 0066-0082 of JP,2001 -320068,A. 

[0050] Fused salt may be used alone, or two or more sorts may use it, mixing. Alkali metal salt, 
such as Lil, Nal, Kl, LiBF 4 , CF 3 COOLi f CF 3 COONa, LiSCN, and NaSCN, can also be used 

together. As for an addition of alkali metal salt, it is preferred that it is below 2 mass % to the 
whole constituent, and below its 1 mass % is still more preferred. It is preferred that more than 
50 mol % of an anion contained in a fused salt electrolyte constituent is iodide ions. 
[0051]Usually, a fused salt electrolyte constituent contains iodine. As for content of iodine, it is 
preferred that it is 0.1 to 20 mass % to the whole fused salt electrolyte constituent, and it is 
more preferred that it is 0.5 to 5 mass %. 

[0052]A low thing of the volatility of a fused salt electrolyte constituent is preferred, and it is 
preferred that a solvent is not included. As for an addition of a solvent, even when adding a 
solvent, it is preferred to stop below to 30 mass % to the whole fused salt electrolyte 
constituent. A fused salt electrolyte constituent may be used gelling it like the after -mentioned. 

[0053](2) As for an electrolysis solution electrolysis solution, it is preferred to comprise an 
electrolyte, a solvent, and an additive. As an example of an electrolyte used for an electrolysis 
solution, they are l 2 and an iodide (). [ Lil and ] Metal iodides, such as Nal, Kl, Csl, and Cal 2 , 
tetra alkylammonium iodide, Combination of the 4th class ammonium compound iodine salt, such 
as pyridinium iodide and imidazolium iodide, etc., Br 2 and a bromide 0 [ LiBr, NaBr, KBr, CsBr 
and ] Metal bromides, such as CaBr 2 , a tetra alkylammonium star s picture, Combination of the 
4th class ammonium compound bromine salt, such as a pyridinium star s picture, etc., Sulfur 



compounds, such as metal complexes, such as a ferrocyanic acid salt-ferricyanic acid salt and 
ferrocene ferricinium ion r sodium polysulfide, and alkyl thiol alkyl disulfide, viologen coloring 
matter hydroquinone quinone, etc. are mentioned. Especially, an electrolyte which combined the 
4th class ammonium compound iodine salt, such as l 2 , Lil or pyridinium iodide, and imidazolium 

iodide, is preferred. An electrolyte may be mixed and used. 

[0054] Electrolytic concentration in an electrolysis solution is 0.1-10M preferably, and is 0.2-4M 
more preferably. Addition concentration of desirable iodine in a case of adding iodine to an 
electrolysis solution is 0.01-0.5M. 

[0055]As for a solvent used for an electrolysis solution, it is desirable for a dielectric constant 
to be high in improving ion mobility low r and for viscosity to be a compound which improves 
effective-carriers concentration and can reveal outstanding ion conductivity. As an example of 
such a solvent, carbonate compounds, such as ethylene carbonate and propylene carbonate, 
Heterocyclic compounds, such as 3-methyl-2-oxazolidinone, dioxane, Ether compounds, such 
as drethylether, ethylene glycol dialkyl ether, Propylene glycol dialkyl ether, polyethylene-glycol 
dialkyl ether, Chain ether, such as polypropylene-glycol dialkyl ether, Methanol, ethanol, 
ethylene glycol monoalkyl ether, Propylene glycol monoalkyl ether, polyethylene-glycol 
monoalkyl ether, Alcohols, such as polypropylene-glycol monoalkyl ether, Ethylene glycol, 
propylene glycol, a polyethylene glycol, Aprotic polar substances, such as nitryl compounds, 
such as a polyhydric alcohol class of a polypropylene glycol, glycerin, etc., acetonitrile, guru taro 
dinitrile, methoxy acetonitrile, propionitrile, and benzonitrile, dimethyl sulfoxide, and sulfolane, 
water, etc. are mentioned. These solvents can also be mixed and used. 

[0056]J. Am. Ceram. Soc. and 80 (12) tert-butylpyridine which is indicated to 3157-3171 (1997), 
It is preferred to add basic compounds, such as 2-picoline and a 2,6-lutidine, to an above- 
mentioned fused salt electrolyte constituent and an electrolysis solution. Desirable density 
ranges in a case of adding a basic compound to an electrolysis solution are 0.05-2M. As for a 
basic compound, when adding to a fused salt electrolyte constituent, it is preferred to have an 
ionic group. A mass ratio of a basic compound to the whole fused salt electrolyte constituent is 
one to 40 mass % preferably, and is five to 30 mass % more preferably. 
[0057] (3) Gel electrolyte constituent" 

In this invention, it can also be used with techniques, such as polymer addition, oil gelatinizing 
agent addition, a polymerization containing polyfunctional monomer, and crosslinking reaction of 
polymer, making an above-mentioned fused salt electrolyte constituent and an electrolysis 
solution able to gel (solidification). When gelling by polymer addition, it is "Polymer Electrolyte 
Reviews-1 and 2" (J. R. MacCallum and C. A. Vincent), [jointly and ] Although a compound 
indicated to ELSEVIER APPLIED SCIENCE can be used, especially polyacrylonitrile and 
polyvinylidene fluoride can use it preferably. When gelling by oil gelatinizing agent addition, an 
industrial science magazine (J. Chem. Soc. Japan, Ind. Chem. Sec), 46, 779 (1943), J. Am. 
Chem. Soc, 111, and 5542 (1989), J. Chem. Soc, Chem. Commun., 1993, 390, Angew. Chem.lnt. 
Ed. Engl., 35, and 1949 (1996), Although Chem. Lett., 1996, 885 and J. Chem, Soc, Chem. 
Commun., 1997, and a compound indicated to 545 can be used, it is preferred to use a 
compound which has amide structure. An example to which an example which gelled an 
electrolysis solution gelled a fused salt electrolyte to JP,11-185863,A is indicated also to 
JP,2000-58140A and can also apply these to this invention. 

[0058]When making it gel by crosslinking reaction of polymer, it is desirable to use together 
polymer and a cross linking agent containing a reactant group which can construct a bridge, in 
this case, a reactant group in which desirable bridge construction is possible --an amino group 
and nitrogen -containing heterocycle (a pyridine ring.) Are an imidazole ring, a thiazole ring, an 
oxazole ring, a triazole ring, a morpholine ring, a piperidine ring, a piperazine ring, etc, and a 
desirable cross linking agent, as opposed to a nitrogen atom — a reagent (alkyl halides.) of two 
or more organic functions in which an electrophilic reaction is possible It is aralkyl halide, 
sulfonic ester, acid anhydride, acid chloride, isocyanate compound, alpha, beta-unsaturation 
sulfonyl compound, alpha, beta -unsaturated carbonyl compound, alpha, and beta-unsaturated 
nitrile compound etc. A cross linking technique indicated to JP,2000-17076,A and 2000-86724 
is also applicable. 



[0059] (4) In hole transporting material this invention, an organic solid hole transporting material, 
an inorganic solid hole transporting material, or material that combined these both can be used 
instead of ion -conductive electrolytes, such as fused salt. 

[0060](a) As an example of an organic hole transporting material which can be preferably used 
in organic hole transporting material this invention, J. Hagen, et aL, Synthetic Metal, 89, and 
215-220 (1997), Nature, Vol.395, 8 Oct., and p583-585 (1998), WO97/10617, JP,59-194393,A, 
JP,5-234681 A U.S. Pat. No. 4,923,774, JP,4-308688,A, U.S. Pat. No. 4,764,625, JP,3-269084,A, 
4-129271, 4-175395, 4-264189, 4-290851, 4-364153, 5-25473, 5-239455, 5-320634, The 
triphenylene derivatives of a statement are mentioned to aromatic amine given in 6-1972, 7- 
138562, 7-252474, 11-144773, etc., J P,1 1-1 49821, A, 11-148067, 11-176489, etc. Adv. Mater., 9, 
No.7, and p557 (1997), Angew. Chem. Int. Ed. Engl., 34, No.3, and p303-307 (1995), An oligo 
thiophene compound given in J ACS, Vol.120, No.4, and p664-672 (1998) etc., K. Murakoshi, et 
al., polypyrrole given in Chem. Lett. p471 (1997), "Handbook of Organic Conductive Molecules 
and Polymers, Vol. 1,2,3, 4" (NALWA work.) Polyacethylene given in WILEY publication and its 
derivative, poly (p-phenylene), and its derivative, Conductive polymers, such as poly (p- 
phenylenevinylene) and its derivative, poly thienylene vinylene and its derivative, a 
polythiophene and its derivative, poly aniline and its derivative, a polytoluidine, and its derivative, 
can also be used preferably. 

[0061] As indicated to Nature, Vol.395, 8 Oct., and p583-585 (1998), In order to control a dopant 
level, a compound containing a cation radical like tris (4-bromophenyl) aminium hexachloro 
antimonate may be added to a hole transporting material. In order to perform potential control 
on the surface of an oxide semiconductor (compensation of a space charge layer), a salt like Li 
[(CF 3 S0 2 ) 2 N] may be added. 

[0062](b) Being able to use a p type inorganic compound semiconductor as an inorganic hole 
transporting material inorganic matter hole transporting material, not less than 2 eV of the band 
gap is not less than 2.5 eV more preferably. Ionization potential of a p type inorganic compound 
semiconductor needs to be smaller than ionization potential of a coloring matter adsorption 
electrode, in order to return an electron hole of coloring matter. Although the desirable range of 
ionization potential of a p type inorganic compound semiconductor changes with coloring matter 
to be used, generally 4.5-5.5 eV is 4.7-5.3 eV more preferably. A desirable p type inorganic 
compound semiconductor is a compound semiconductor containing univalent copper, As the 
example, Cul, CuSCN, CulnSe 2 , Cu(ln, Ga) Se 2 , CuGaSe 2 , Cu 2 0, CuS, CuGaS 2 , CulnS 2 , 

CuAISe 2 , etc. are mentioned. Especially, Cul and CuSCN are preferred and Cul is the most 

preferred. As an example of other p type inorganic compound semiconductors, GaP, NiO, CoO, 
FeO, Bi 2 0 3 , Mo0 2 , Cr 2 0 3 , etc. are mentioned. 

[0063] (5) A formation charge transport layer of a charge transport layer can be formed with 
either of two kinds of methods. One pastes a counter electrode together previously on a 
photosensitive layer, and it is the method of putting a liquefied charge transport layer between 
the gap. Another is the method of giving a charge transport layer directly on a photosensitive 
layer, and a counter electrode will be given after that. 

[0064]When putting a charge transport layer in the case of a former method, a vacuum process 
which uses a pressure lower than an ordinary pressure process or ordinary pressure using 
capillarity by immersion etc., and replaces the gaseous phase of a gap by the liquid phase can 
be used. 

[0065] In a latter method, when using a wet charge transport layer, a counter electrode is 
usually given with un-drying, and a liquid leakage control measure of an edge part is taken. 
When using a gel electrolyte constituent, after applying this by a wet type, it may solidify by 
methods, such as a polymerization. Before solidification gives a counter electrode, it may be 
performed, or it may be performed behind. When forming a charge transport layer which consists 
of an electrolysis solution, a wet organicity hole transporting material, a gel electrolyte 
constituent etc., a formation method of the above-mentioned semiconductor particle layer and 
same method can be used. 

[0066]When using a solid electrolyte constituent and a solid hole transporting material, a charge 



transport layer can be formed by dry membrane formation processing of a vacuum deposition 
method, a CVD method, etc., and a counter electrode can also be given after that. An organic 
hole transporting material can be introduced into an inside of an electrode with a vacuum 
deposition method, the cast method, the applying method, a spin coat method, dip coating, an 
electrolytic polymerization method, photoelectrical depolymerization method, etc. An inorganic 
solid compound can be introduced into an inside of an electrode by the cast method, the 
applying method, a spin coat method, dip coating, an electrolytic deposition method, an 
electroless deposition method, etc, 

[00673(D) Like the above-mentioned conductive substrate, layer structure of a counter 
electrode conductive layer which consists of conductive materials may be sufficient as a 
counter electrode counter electrode, and it may comprise a counter electrode conductive layer 
and a supporting board. As an example of a conducting agent used for a counter electrode 
conductive layer, metal, carbon (platinum, gold, silver, copper, aluminum, magnesium, indium, 
etc.), conductive metallic oxide (an indium tin multiple oxide, fluoride dope tin oxide, etc.), etc. 
are mentioned. Also in this, platinum, gold, silver, copper, aluminum, and magnesium are 
preferred. A substrate used for a counter electrode is a glass substrate or a plastic plate 
preferably, can be applied or vapor- deposited and can use the above-mentioned conducting 
agent for this. Although thickness in particular of a counter electrode conductive layer is not 
restricted, they are 3 nm - 10 micrometers preferably. Surface resistance of a counter 
electrode conductive layer is so good that it is low, and below 50ohms / ** are below 20ohms / 
** more preferably. 

[0068]Since it may irradiate with light from both a conductive substrate, and both [ either or ], 
in order for light to reach a photosensitive layer, it is good if at least one side of a conductive 
substrate and a counter electrode is substantially transparent. It is preferred to make a 
conductive substrate transparent from a viewpoint of improvement in generation efficiency, and 
to enter light from the conductive substrate side. In this case, as for a counter electrode, it is 
preferred to have the character to reflect light. In order to obtain such character, glass which 
vapor-deposited metal or a conductive oxide, a plastic, or a metal thin film may be used as a 
counter electrode. 

[0069]What is necessary is for a counter electrode to stick the conductive layer side of a 
substrate which applies, plates or vapor-deposits a conducting agent directly (PVD, CVD), or 
has a conductive layer, and just to install it on a charge transport layer. As well as a case of a 
conductive substrate when especially a counter electrode is transparent, it is preferred to use a 
metal lead in order to lower resistance of a counter electrode. A desirable mode of a metal lead 
is the same as a case of a conductive substrate. 

[00701(E) In order to prevent other layer pair poles and a short circuit of a conductive 
substrate, it is preferred to paint a thin film layer of a precise semiconductor beforehand as an 
under coat between a conductive substrate and a photosensitive layer. A method of preventing 
a short circuit by this under coat is effective especially when using an electron transport 
material and a hole transporting material for a charge transport layer. An under coat consists of 
Ti0 2 , Sn0 2 , Fe 2 0 3 , W0 3 , ZnO, or Nb 2 0 5 preferably, and consists of Ti0 2 still more preferably. 

An under coat can be painted, for example on Electrochim. Acta, 40, and 643-652 (1995) by the 
spray pyrolysis method of a statement, a sputtering technique, etc. Thickness of an under coat 
is 5-1000 nm preferably, and is 10-500 nm more preferably. 

[0071]Functional layers, such as a protective layer and an antireflection layer, may be provided 
between an outer surface of one side of a conductive substrate and a counter electrode, or 
both, a conductive layer, and substrates, or in the middle of a substrate. A formation method of 
these functional layers can be suitably chosen from the applying method, vacuum deposition, 
the sticking method, etc. according to the construction material. 

[0072](F) an example of an internal structure of an optoelectric transducer --as mentioned 
above, double an internal structure of an optoelectric transducer with the purpose, and various 
gestalten are possible for it. If it roughly divides into two, structure which can enter both sides 
to light, and a structure possible only from one side are possible. An example of an internal 
structure with a preferred optoelectric transducer of this invention is shown in above- 



mentioned drawing 1 and drawing 2 - drawing 9. 

[0073] Structure shown in drawing 2 makes the photosensitive layer 20 and the charge transport 
layer 30 intervene between the transparent conductive layer 10a and the transparent counter 
electrode conductive layer 40a, and is the structure where light enters from both sides. 
Structure shown in drawing 3 forms the metal lead 11 in part on the transparent substrate 50a f 
forms the transparent conductive layer 10a on it, and forms the under coat 60, the 
photosensitive layer 20, the charge transport layer 30, and the counter electrode conductive 
layer 40 in this order, and also arranges the supporting board 50, and is the structure where 
light enters from the conductive layer side. On the supporting board 50, structure shown in 
drawing 4 has the conductive layer 10, and forms the photosensitive layer 20 via the under coat 
60, The metal lead 11 side is carried out inside, the transparent substrate 50a which formed the 
charge transport layer 30 and the transparent counter electrode conductive layer 40a f and 
formed the metal lead 11 in part is arranged, and it is the structure where light enters from the 
counter electrode side. Structure shown in drawing 5 is the structure where the under coat 60, 
the photosensitive layer 20, and the charge transport layer 30 are made to intervene among 1 
set of thing which formed the metal lead 11 in part on the transparent substrate 50a, and also 
formed the transparent conductive layer 10a (or 40a), and light enters from both sides. 
Structure shown in drawing 6 forms the transparent conductive layer 10a, the under coat 60, 
the photosensitive layer 20, the charge transport layer 30, and the counter electrode 
conductive layer 40 on the transparent substrate 50a, arranges the supporting board 50 on this, 
and is the structure where light enters from the conductive layer side. On the supporting board 
50, structure shown in drawing 7 has the conductive layer 10, and forms the photosensitive 
layer 20 via the under coat 60, and also forms the charge transport layer 30 and the 
transparent counter electrode conductive layer 40a, arranges the transparent substrate 50a on 
this, and is the structure where light enters from the counter electrode side. On the transparent 
substrate 50a, structure shown in drawing 8 has the transparent conductive layer 10a, and 
forms the photosensitive layer 20 via the under coat 60, and also forms the charge transport 
layer 30 and the transparent counter electrode conductive layer 40a, arranges the transparent 
substrate 50a on this, and is the structure where light enters from both sides. Structure shown 
in drawing„9 forms the conductive layer 10 on the supporting board 50, and forms the 
photosensitive layer 20 via the under coat 60, and also forms the solid charge transport layer 
30, has the counter electrode conductive layer 40 or the metal lead 11 in part on this, and is 
the structure where light enters from the counter electrode side. 
[0074] [3] Make it make a photoelectric cell of photoelectric cell this invention work with 
external load to an optoelectric transducer of above-mentioned this invention. A case where 
call a photoelectrochemical cell especially a case where a charge transporting material mainly 
consists of ion transport material among photoelectric cells, and power generation by sunlight is 
made into a key objective is called a solar cell. 

[0075]As for the side of a photoelectric cell, in order to prevent degradation of a structure and 
vaporization of contents, sealing with polymer, adhesives, etc. is preferred. The external circuit 
itself connected to a conductive substrate and a counter electrode via a lead may be publicly 
known. 

[0076]When applying an optoelectric transducer of this invention to a solar cell, structure inside 
the cell is also the same as structure of an optoelectric transducer fundamentally mentioned 
above. The dye sensitizing type solar cell using an optoelectric transducer of this invention can 
take the fundamentally same modular structure as the conventional solar cell module. Although 
a cell is constituted on supporting boards, such as metal and ceramics, a solar cell module 
generally covers an it top with filling resin, cover glass, etc. and structure of incorporating light 
from an opposite hand of a supporting board is taken, It is also possible to consider it as 
structure of using transparent materials, such as tempered glass, for a supporting board, 
constituting a cell and incorporating light from the transparent supporting board side on it. A 
modular structure specifically called a super straight type, a substrate type, and a potting type, 
A substrate integral-type modular structure etc. which are used with an amorphous-silicon 
solar cell etc. are known, and a dye sensitizing type solar cell using an optoelectric transducer 



of this invention can also choose a modular structure suitably with the purpose of use, a 
service space, and environment. Specifically, it is preferred to consider it as structure of a 
statement or a mode at Japanese Patent Application No. No. 8457 [ 11 to ] f JP,2000-268892,A, 
etc. 
[0077] 

[Example] Although the following examples explain this invention still in detail, this invention is 
not limited to them. 

[0078]1. As shown in the preparation table 1 of titanium oxide particulate dispersion liquid, the 
compound of niobium and tantalum was added to the water 360g, respectively, 23 g of 
diethanolamine was added to these, respectively, and it mixed. Into each mixed liquor, at 25 **, 
it added at a stretch and 56.8 g of alt.titanic acid tetraisopropyl (made by Wako Pure Chem) was 
agitated for 1 hour, respectively. Subsequently, each liquid was heated at 80 **, it agitated for 6 
hours, and the uniform solution was obtained. Next, 50 ml of each solution was put into the 
autoclave made from stainless steel, respectively, and after agitating for 16 hours, 240 ** of 
obtained titanium oxide dispersed matters were centrifuged for 30 minutes by 15000 rotations. 
After removing a supernatant fluid by a decantation, 0.3g of polyethylene glycols (the molecular 
weight 20000, the Wako Pure Chem make) and the water 11g were added to each dispersed 
matter, and it dissolved in it. The dispersion liquid B-1 to B-8 which add 1g of ethanol and 0.4 
ml of concentrated nitric acid to each, and furthermore contain the titanium oxide particles of 
this invention in it were prepared. The solid content of B-1 to B-8 was 14 mass %. 
[0079]The titanium oxide particulate dispersion liquid A for comparison was prepared like (1) 
except having removed addition of the compound of niobium and tantalum. The solid content of 
A was 14 mass %. 

[0080]The mean particle diameter of the titanium oxide particles for comparison for which it 
asked with the X-ray diffraction method was 18 nm. A and B-1 to B-8 were diluted with a lot of 
water, and the turbidity at 400 nm and 500 nm was measured. Since the turbidity of the result A 
and the titanium oxide dispersion liquid of B-1 to B-8 was almost equal, it was presumed also 
about the mean particle diameter of the titanium oxide particles of B-1 to B-8 that it was 
around 18 nm. 



[0081] 
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[0082]2. The transparent conductive glass (the Nippon Sheet Glass make and surface 
resistance are about 10 ohm/cm 2 ) which coated the tin oxide which doped the production 
fluoride of the coloring matter adsorption titanium oxide electrode was prepared, and the 
dispersion liquid A obtained at the electric conduction side side and B-1 to B-8 were applied 
using the doctor blade, respectively. After drying at 25 ** for 1 hour, it heat-treated for 30 
minutes at 470 ** using the electric furnace (Yamato Scientific muffle furnace FP-32 type). 



Each spreading weight measured after heat-treatment was 16 g/m . Next, it was immersed in 
following coloring matter (B) 0.3 millimol /I, and the adsorption liquid containing 3% of a surface- 
active agent (W) for 5 hours, immersion --as the solvent of adsorption liquid -- ethanol: -- t- 
butanol: --it carried out by 45 ** of solution temperature using the mixed solvent which 
consists of acetonitrile =1:1:2 (volume ratio). Subsequently, the titanium oxide electrode to 
which coloring matter stuck was washed one by one by ethanol and acetonitrile. 
[0083] 
[Formula 3] 
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[0084]3. The coloring matter adsorption titanium oxide electrode substrate (2 cm x 2 cm) which 
is the production **** of an optoelectric transducer, and was made and produced was piled up 
with the platinum vacuum evaporation glass of the same size as this (refer to drawing 10). next 
-- using capillarity for the crevice between both glass --an electrolysis solution (iodination 
1,3-dimethyl imidazolium (0.65 mol/(l.)).) The methoxy acetonitrile fluid of iodine (0.05 mol/(l,)) 
and t-buty [pyridine (0.1 mol/(l.)) was infiltrated, it introduced into the electrode, and the 
optoelectric transducer C-1 to C-9 shown in Table 2 was obtained. 
[0085]The optoelectric transducer by which the electrically conductive glass 1 (that by which 
the conductive layer 3 was ****(ed) on the glass 2), the coloring matter adsorption titanium 
oxide electrode 4, the charge transport layer 5, the platinum layer 6, and the glass 7 as shown in 
drawing 10 were laminated in order by the above was obtained. 

[0086]4. Imitation sunlight was generated by letting a spectrum filter (AMI. 5 by Oriel) pass for 
the light of the xenon lamp (made by USHIO) of the measurement 500W of photoelectric 

conversion efficiency. This luminous intensity was 110 mW/cm 2 in the vertical plane. Silver 
paste was applied to the end of the electrically conductive glass of each optoelectric 
transducer C-1 to C-9, it was considered as the negative electrode, and this negative electrode 
and platinum vacuum evaporation glass (anode) were connected to the current potential 
measuring device (case rhe SMU238 type). Irradiating each optoelectric transducer with 
imitation sunlight vertically, the current potential characteristic was measured and photoelectric 
conversion efficiency was searched for. The conversion efficiency of each optoelectric 
transducer is shown in Table 2. 
[0087] 
[Table 2] 
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[0088]The optoelectric transducer (C-2 to C-9) using the titanium oxide particles of this 
invention is understood that a short-circuit current is high compared with the optoelectric 
transducer for comparison (C-1) r and conversion efficiency is high as a result as shown in Table 
2. Especially C-7 to C-8 that carried out the impurity dope using the alkoxide of tantalum 
especially has high conversion efficiency. 
[0089] 

[Effect of the Invention] According to [ above-mentioned passage ] the manufacturing method 
of this invention, the dye sensitizing optoelectric transducer excellent in conversion efficiency 
can be obtained by adding niobium or tantalum as a dopant to titanium oxide particles. 
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